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Description 

1 The present invention relates to the demodulation of radio data system (RDS) 
signals, in particular to a method to retrieve RDS information according to the 
pre-characterizing portion of claim 1 and to a RDS demodulator operating ac- 
cording to such a method. 

5 

In fm-broadcasting a stereo-multiplex signal is frequency modulated. The ste- 
reo-multiplex signal consists of a stereo-sum signal and a stereo-difference 
signal. The stereo-difference signal is amplitude modulated with suppressed 
carrier. To allow a coherent amplitude demodulation of the stereo-difference 
10 signal at the receiver, a pilot carrier with half the AM-carrier frequency is 
added to the stereo-multiplex signal. 

The stereo-sum signal and the stereo-difference signal are defined by 

15 m s (t) = ai(t) + a r (t) 

m d (t) = ai(t) - a r (t) 

wherein ai (t) is the signal of the left audio channel and a r (t) is the signal of the 
right audio channel. 

20 

The stereo-multiplex signal is defined by 

m stmux (t) = m s (t) + sin(2co p nt) • m d (t) + A p u • sin(© pn t) 

25 wherein a> pU is the carrier frequency and A pil is the amplitude of the carrier. 

The RDS-signal is added to the stereo-multiplex signal by modulating the in- 
phase or in quadrature component of the 3rd harmonic of the pilot carrier. 
Therefore, the multiplex signal is defined by: 

30 

m(t) = m stmU x(t) + cos(3co pll t) • m rds (t) 
wherein m r d s (t) is the RDS-signal. 

Fig. 8 shows ths basic functionality of a stereo-demultiplexer according to the 
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prior art. Since the 2nd harmonic of the pilot carrier is required for the coher- 
ent amplitude demodulation of the stereo-difference signal, the stereo-demulti- 
plexer needs to recover this 2nd harmonic of the pilot carrier to perform the 
stereo-demultiplexing. Therefore, a PLL-circuit 1 receives the multiplex signal 
m(t) locks to the pilot carrier and generates the 2nd harmonic of the pilot car- 
rier, i.e. a signal 2sin(2a> pi it). For the coherent amplitude demodulation of the 
stereo-difference signal a low phase error between pilot carrier and the 2nd 
harmonic of the pilot carrier is required. This coherent amplitude demodula- 
tion is performed by way of a first mixer 2 which receives the multiplex signal 
m(t) at its first input and the 2nd harmonic of the pilot carrier at its second 
input. The output signal of the demodulator 2 is input to a filter 3 which out- 
puts the stereo-difference signal m d (t). The stereo-sum signal m s (t) is gener- 
ated by a lowpass filtering of the multiplex signal m(t) with a lowpass filter 4. 

The left and right audio signals l(t) and r(t) are calculated by addition and sub- 
traction of the stereo-sum signal and the stereo-difference signal: 

r(t) = m s (t) - m d (t) = (ai(t) + a r (t)) - (arft) - a t (t)) = 2a r (t) 

l(t) = m s (t) + m d (t) = (ai(t) + a r (t)) + (ai(t) - a r (t)) = 2ai(t) 

The left audio signal l(t) is generated by an adder 35 which receives the stereo- 
difference signal m d (t) at its first input and the stereo-sum signal m s (t) at its 
second input. The right audio signal r(t) is generated by a subtractor 36 which 
receives the stereo-sum signal m s (t) as minuend at its first input and the ste- 
reo-difference signal m d (t) as subtrahend at its second input. 

The RDS-signal is coherent amplitude demodulated by multiplying the multi- 
plex signal m(t) with the 3rd harmonic of the pilot carrier, i.e. a 57 kHz carrier 
in systems which use the frequency 19 kHz as carrier frequency. Therefore, the 
3rd harmonic of the pilot carrier is extracted from the multiplex signal m(t) by 
filtering said signal with a bandpass filter 33 which has a center frequency of 
57 kHz. The output signal of the bandpass filter 33 is input to a COSTAS-loop 
circuit 34 which locks to the amplitude modulated RDS signal to recover the 
RDS-carrier, i.e. the 3rd harmonic of the pilot carrier. The recovered RDS-car- 
rier is multiplied with the output signal of the bandpass filter 33 by a second 
mixer 9 to demodulate the RDS-signal. With this multiplication and a following 
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1 lowpass filtering by a lowpass filter 10 the coherent amplitude demodulation of 
the RDS-signal is performed. The output signal of the lowpass filter 10 is fed 
to a RDS-decoder 11 which decodes the RDS-signal m rds (t) and outputs the 
RDS-data. 

5 

For the detection of a stereo transmitter the stereo-demultiplexer needs to de- 
tect the pilot carrier. A reliable method for the detection of the pilot carrier is 
to perform a coherent amplitude demodulation of the multiplex signal m(t) with 
the pilot carrier. Therefore, the PLL-circuit 1 generates a carrier with a carrier 
10 frequency © pi i that is in phase to the pilot carrier. This carrier is mixed with 
the multiplex signal by a third mixer 12 and the output signal of the third 
mixer 12 m g (t) is lowpass filtered by a lowpass filter 13 to suppress mixing 
products with a higher frequency. The so generated DC-signal m h (t) is a reli- 
able information for the detection of stereo transmission. 

15 

This described stereo-demultiplexer has the particular disadvantage that it 
needs a quite high calculation power in a digital solution, especially since a 
carrier with the frequency of the 3rd harmonic of the pilot carrier, i.e. 57 kHz, 
has to be generated. 

20 

Therefore, it is the object of the present invention to provide a method for ste- 
reo-demultiplexing and RDS-demodulation needing less calculation power and 
a stereo-demultiplexer including a RDS-demodulator working according to said 
method, i.e. needing less calculation power. 

25 

The inventive method is defined in independent claim 1 and the stereo-demul- 
tiplexer according to the present invention is defined in independent claim 13. 
Preferred embodiments of the inventive method are defined in dependent 
claims 2 to 12. 

30 

The present invention and its embodiments will be better understood from the 
following detailed description of exemplary embodiments thereof taken in con- 
junction with the accompaning drawings, wherein 

35 Fig. 1 shows a stereo-demultiplexer according to a first preferred em- 

bodiment of the present invention; 
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1 Fig. 2 shows the spectrum of the input signal and the output signal of 

the first mixer 2 shown in Fig. 1; 

Fig. 3 shows the spectrum of the input signal and the output signal of 

5 the second mixer 5 shown in Fig. 1; 

Fig. 4 shows the spectrum of the input signals and the output signal of 

the subtractor 6 shown in Fig. 1; 

10 Fig. 5 shows a possible digital realization of a stereo-demultiplexer ac- 

cording to the prior art; 

Fig. 6 shows a stereo-demultiplexer according to a second preferred em- 

bodiment of the present invention; 



15 



20 



30 



Fig. 7 shows a stereo-demultiplexer according to a fourth preferred em- 

bodiment of the present invention; and 

Fig. 8 shows a stereo-demultiplexer according to the prior art. 



According to a first aspect of the present invention the coherent amplitude de- 
modulation of the RDS-signal is performed without the generation of an addi- 
tional carrier with the frequency of the 3rd harmonic of the pilot carrier, i.e. 
without an additional 57 kHz carrier. Therefore, the present inventions 
25 achieves big advantages in terms of calculation power saving. 

In the following the first aspect of the present invention will be explained on 
the basis of Fig. 1 to 4 which show a first preferred embodiment according to 
the present invention. For the sake of simplicity the shown multiplex signal 
m(t) contains only the signals relevant for the present invention, i.e. the ampli- 
tude modulated RDS-signal and the pilot carrier. The demultiplexing and de- 
modulation of the left and right audio signals is exactly performed like in the 
stereo-demultiplexer according to the prior art shown in Fig. 8. Also, the de- 
tection of a stereo transmitter is performed in a similar way. Therefore, the de- 
35 scription of these parts of the stereo-demultiplexer according to the present in- 
vention which is shown in Fig. 1 is omitted. 
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1 During the generation of the stereo-difference signal m<i(t) an intermediate sig- 
nal m a (t) is generated as output signal of the first mixer 2 which is input into 
the lowpass filter 3, i.e. the intermediate signal equals to the multiplex signal 
m(t) multiplied with the 2nd harmonic of the pilot carrier (multiplied with the 
5 38 kHz carrier). Therefore, in the intermediate signal the RDS-carrier is mixed 
from the 3rd harmonic of the pilot carrier to the frequency of the pilot carrier, 
i.e. from 57 kHz to 19 kHz. The pilot carrier itself is mixed from 19 kHz to -19 
kHz, i.e. it is mirrored. Fig. 2 shows the spectrum M(jf) of the multiplex signal 
m (t) on its left hand side and the spectrum of the output of the first mixer 2, 
10 i.e. the spectrum M a (jf) of the intermediate signal m a (t) on its right hand side. 
As mentioned above, only the signals relevant for the present invention are 
shown. It can be seen that the spectrum M a (jf) of the intermediate signal m a (t) 
at 19 kHz consists of a mirrored pilot carrier and the frequency shifted ampli- 
tude modulated RDS-signal. 

15 

To properly extract the amplitude modulated RDS-signal from the intermediate 
signal m a (t), according to the first preferred embodiment of the present inven- 
tion, the mirrored pilot carrier needs to be subtracted from the intermediate 
signal m a (t). To mirror the pilot carrier the stereo-sum signal m s (t) is multi- 
20 plied with the 2nd harmonic of the pilot carrier, i.e. with the 38 kHz carrier by 
a fourth mixer 5. 

Fig. 3 shows the spectrum M s (jf) of the stereo-sum signal m s (t) at the left hand 
side and the spectrum Mb(jf) of the mirrored pilot carrier at its right hand side. 

25 

Fig. 4 shows the the subtraction of the mirrored pilot carrier mb(t) from the in- 
termediate signal m a (t) which is performed by way of a subs tractor 6. The left 
hand side of Fig. 4 shows the spectrum M a (jf) of the intermediate signal m a (t) 
from which the spectrum Mb(jf) of the mirrored pilot carrier mb(t), which is 
30 shown in the middle of Fig. 4, is subtracted to gain the spectrum M c (jf) of the 
amplitude modulated RDS-signal which is shown at the right hand side of Fig. 
4. 

Fig. 1 shows that the so generated amplitude modulated RDS-signal that has 
35 now a carrier frequency of 19 kHz (a carrier frequency according to the pilot 
carrier) is processed like in the prior art RDS-demodulator shown in Fig. 8. 
The only difference is that the center frequency of the bandpass filter 33 
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shown in Fig. 8 is changed to the frequency of the pilot carrier, i.e. 19 kHz in 
the bandpass filter 7 shown in Fig. 1 which receives the output signal of the 
subjector 6 and that the carrier frequency of the COSTAS-loop circuit 34 
shown in Fig. 8 is changed from the 3rd harmonic of the carrier frequency to 
the carrier frequency, i.e. from 57 kHz to 19 kHz, in the COSTAS-loop circuit 8 
shown in Fig. 1 which receives the output signal of the bandpass filter 7 and 
feeds its carrier having the frequency of the pilot carrier to the second mixer 9 
that demodulates said output signal of the bandpass filter 7 by multiplying 
with the output signal of the COSTAS-loop circuit 8. 

Fig. 5 shows a possible digital solution of the prior art stero-demultiplexer and 
RDS decoder shown in Fig. 8 which elucidates a sampling rate decimation. 
Such a sampling rate decimation can be performed, because the frequency 
modulated multiplex signal m(t) has a much higher bandwidth than the fre- 
quency demodulated and stereo-demultiplexed audio signal and the RDS sig- 
nal. The combination of the present invention with the digital stereo-demulti- 
plexer shown in Fig. 5 has the advantage of a very low calculation power. For a 
better understanding, first this digital stereo-demultiplexer is described with- 
out the application of the present invention. 

As it is shown in Fig. 5, the stereo-sum signal m s (t) is generated from the mul- 
tiplex signal m(t) by a sampling rate decimation with a decimation factor D by 
a first sampling rate decimation filter 14 and a following lowpass filtering with 
a lowpass filter 15. The so generated stereo-sum signal m s (t) is thereafter de- 
layed by a first delay element with a delay of x to equalize the group delay of a 
second sampling rate decimation filter 21 in the difference path. 



Furtheron, a digital PLL circuit 37 (which replaces the PLL circuit 1 of the first 
preferred embodiment according to the present invention) is working with the 
decimated sampling rate. Therefore, the decimation filtering of the sum path, 
i.e. the path to generate the stereo-sum signal m s (t) is used for the sampling 
rate decimation of the stereo-sum signal m s (t) and the pilot carrier, i.e. the 
output signal of the first sampling rate decimation filter 14 is not only input to 
the lowpass filter 15 but also to the DPLL-cicrcuit 37. This realization is de- 
scribed in more detail in a parallel european patent application "digital stereo 
demultiplexer" of the same applicant. 
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1 The DPLL-circuit 37 generates a carrier for the coherent amplitude demodula- 
tion of the stereo-difference signal m d (t) and a carrier for the coherent pilot 
carrier detection, i.e. the detection of a stereo transmitter. Within the DPLL- 
circuit 37 another carrier is required for synchronization purposes that is in 
5 quadrature to the pilot carrier. Therefore, the DPLL-circuit 37 generates three 
carriers, i.e. the 38 kHz carrier for the coherent amplitude demodulation of the 
stereo-difference signal m d (t) and a complex 19 kHz carrier. The complex 19 
kHz carrier consists of the carrier for the coherent pilot carrier detection and 
the in quadrature component of this 19 kHz carrier which is required within 
10 the DPLL-cicuit 37 for synchronization purposes. 



Similar to the detection of a stereo transmitter described in connection with 
Fig. 8 the stereo transmitter is detected by a multiplication of the multiplex 
signal m(t) with the pilot carrier and a following lowpass filtering. This de- 
15 modulation is performed by a third mixer 31 which receives the sampling rate 
decimated multiplex signal from the first sampling rate decimation filter 14 
and the pilot carrier generated by the DPLL-circuit 37 on basis of said sam- 
pling rate decimated multiplex signal. The output signal of the third mixer 31 
is input to a lowpass filter 32 which outputs the pilot detection signal m h (t). 



20 



The coherent amplitude demodulation of the stereo -difference signal m d (t) 
needs to be performed at a sampling rate which is higher than the sampling 
rate of the audio signal, since the bandwidth of the multiplex signal m(t) is 
higher than the banwidth of the audio signal. Therefore, the carrier for the co- 
25 herent amplitude demodulation of the stereo-difference signal m d (t) needs to be 
generated with a higher sampling rate. Fig. 5 shows that the carrier is gener- 
ated with a sampling rate that is D times higher than the sampling rate of the 
audio signal, since the second harmonic of the pilot carrier generated by the 
DPLL-circuit 37 is upsampled with a factor of D in a sampling rate upsampling 
circuit 18. To perform the coherent amplitude demodulation which is neces- 
sary to generate the stereo-difference signal m d (t) the so generated carrier with 
a carrier frequency of 2a> pi i that is locked in phase to the pilot carrier is multi- 
plied with the multiplex signal m(t) by a first mixer 20. Furtheron, the output 
signal of the first mixer 20 is lowpass filtered by a lowpass filter 24 which out- 
35 puts the stereo-difference signal m d (t). A second sampling rate decimation 
filter 2 1 decimates the sampling rate of the output signal of the first mixer 20 
by a decimation factor of D by before it is input to the lowpass filter 24. Fur- 



30 
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theron, the multiplex signal m(t) needs to be delayed by a delay of x to equalize 
the group delay of the first sampling rate decimation filter 14 in the sum path 
before it is input to the first mixer 20. This delay is achieved by a second delay 
element 19 arranged before the first mixer 20. 

Within the digital stereo-demultiplexer shown in Fig. 5 the RDS data is gener- 
ated by mixing the multiplex signal m(t) with a complex third harmonic of the 
pilot carrier to the baseband with a fifth mixer 26 before the complex RDS 
baseband signal is sampling rate decimated by a factor F with a third sampling 
rate decimation filter 38, a subsequent filtering with a reconstruction lowpass 
filter 28 which is a matched filter for the optimal RDS decoding and a genera- 
tion of the amplitude demodulated RDS-signal with the help of a COSTAS-loop 
circuit 29 which locks to the RDS carrier, whereafter the so generated coherent 
amplitude demodulated RDS-signal is fed to an RDS-decoder 30 which outputs 
15 the RDS data. 

Fig. 6 shows a second preferred embodiment according to the present inven- 
tion. This second preferred embodiment makes use of the sampling rate deci- 
mation filter of the stereo-difference signal for the sampling rate decimation of 
20 the RDS signal. 

Therefore, the stereo-demultiplexer according to the second preferred embodi- 
ment of the present invention shown in Fig. 6 equals to the digital stereo-de- 
multiplexer shown in Fig. 5 in the generation of the stereo transmitter detec- 
25 tion, the stereo-sum signal m s (t) and the stereo-difference signal m d (t). 

According to the second preferred embodiment of the present invention the 
RDS-signal is retrieved similar to the first preferred embodiment according to 
the present invention shown in Fig. 1, but on basis of sampling rate decimated 

30 signals. Therfore, the sampling rate decimated intermediate signal m a (t) which 
is output by the second sampling rate decimation filter 2 1 is input as minuend 
to a subtracter 25 which subtracts the mirrored pilot carrier m b (t) which is 
also sampling rate decimated and outputs an amplitude modulated RDS-signal 
m c (t). The mirrored pilot carrier m b (t) is generated by a mixing of the sampling 

35 rate decimated multiplex signal m(t) which is output from the first sampling 
rate decimation filter 14. The bandwidth of the sampling rate decimation filter 
is determined so that the stereo-sum signal and the pilot carrier are in the 
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1 passband of the filter. This operation is performed with a fourth mixer 22 
which receives the output signal of the first sampling rate decimation filter 14 
and the sampling rate decimated second harmonic of the pilot carrier which is 
generated by a DPLL-circuit 17 which also receives the output signal of the 
5 first sampling rate decimation filter 14. This sampling rate decimated second 
harmonic of the pilot carrier is also fed to the upsampling circuit 18 before it 
is used for the coherent amplitude demodulation of the stereo difference signal 
md(t). The output signal of the second modulator 22, i.e. the mirrored pilot 
carrier, is delayed by a delay of t in a third delay element 23 to equalize the 

10 group delay of the second sampling rate decimation filter 21 in the difference 
path before it is output as mirrored pilot carrier m b (t) and therewith as subtra- 
hent to the subtracter 25. The amplitude modulated RDS-signal m c (t) is input 
to a fourth mixer 26 which downconverts the amplitude modulated RDS signal 
to a complex baseband signal by mixing with the complex 19 kHz carrier. As 

15 mentioned above in connection with Fig. 1, this complex carrier with the fre- 
quency of the pilot tone is already available in the DPLL-circuit 17, since the 
in phase component thereof is needed for the stereo transmitter detection and 
the in quadrature component thereof is needed for synchronization purposes 
within the DPLL-circuit 17. 

20 

Apart from a further sampling rate decimation by a decimation factor of E in- 
stead of a decimation factor F the following processing of the RDS-signal is 
similar to that of the second preferred embodiment of the present invention 
shown in Fig. 5. The decimation factors D, E and F have the following relation: 

25 

D + E = F 

This digital solution of the second preferred embodiment acording to the 
present invention has the advantage that the amplitude modulated RDS-signal 

30 is mixed to the complex baseband in combination with a sampling rate decima- 
tion. Therefore, the respective processing within the COSTAS-loop, the selec- 
tivity filtering and the matched filtering for the optimal decoding of the ampli- 
tude modulated RDS-signal are performed at low sampling rates, as described 
in connection with Fig. 5. As shown in Fig. 6, this can advantageously be 

35 achieved by using the sampling rate decimation filters of the stereo-sum signal 
and the stereo-difference signal for the RDS-demodulation. Additionally, all 
carriers for the frequency shift of the amplitude modulated RDS-signal are 
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1 available from the stereo-demultiplexer. Therefore, no addtional sin/cos calcu- 
lations or tables are required at high sampling rates for the coherent demodu- 
lation of the amplitude modulated RDS-signal. Therefore, this embodiment has 
big advantages in terms of calculation power saving. 

5 

As mentioned above, the DPLL has only to generate three carriers, namely the 
38 kHz carrier (second harmonic of the pilot carrier) for the coherent ampli- 
tude demodulation of the stereo-difference signal and a complex 19 kHz carrier 
(complex frequency of the pilot carrier). The 19 kHz carrier consists of the car- 
10 rier for the coherent pilot carrier detection and the in quadrature component 
of this 19 kHz carrier that is required within the DPLL for synchronization 
purposes. 

According to the second preferred embodiment of the present invention the 
15 noise in the band of the pilot carrier is subtracted from the output signal of 
the second sampling rate decimation filter 21. Therefore, as also shown in con- 
nection with the first preferred embodiment of the present invention, the pilot 
carrier that is included in the stereo-sum signal m s (t) is mixed with the 38 kHz 
carrier (second harmonic of the pilot carrier) and delayed to equalize the group 
20 delay z of the sampling rate decimation filters. The so generated signal is sub- 
tracted from the output of the sampling rate decimation filter 21 in the stereo- 
difference path to delete the noise in the band of the pilot carrier. 

This generated amplitude modulated RDS-signal with a carrier amplitude of 19 
25 kHz is mixed to the complex baseband by mixing with the complex 19 kHz car- 
rier that is already present within the stereo-demultiplexer. A complex RDS 
baseband signal m C L(t) is sampling rate decimated by a factor of E before it is 
fed to the reconstruction lowpass filter 28. This reconstruction lowpass filter 
28 is the matched filter for the optimal RDS decoding. The COSTAS-loop cir- 
30 cuit 29 locks to the RDS-carrier and generates the amplitude demodulated 
RDS-signal. The so coherent amplitude demodulated RDS-signal is fed to the 
RDS-decoder 30 which outputs the RDS data. 

Fig. 7 shows the third preferred embodiment according to the present inven- 
35 tion. This third preferred embodiment considers that the output signal of the 
second sampling rate decimation filter 21 can already be used for the RDS-de- 
coding with only a slight performance degradation. The performance degrada- 
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1 tion results from the additional noise in the band of the pilot carrier that is 
added to the RDS-signal. Therefore, the third mixer 26 directly receives the 
output signal of the second sampling rate decimation filter 21, whereafter the 
RDS-signal undergoes the same processing as shown and described in conneci- 

5 ton with Fig. 6. Accordingly, the third preferred embodiment of the present in- 
vention shown in Fig. 7 does not comprise the fourth mixer 22, the third delay 
element 23 and the subtractor 25. 

It is obvious that such changes and modifications can also be applied to the 
10 first preferred embodiment according to the present invention shown in Fig. 1, 
i.e. that the bandpass filter 7 directly receives the intermediate signal m a (t) 
and the stereo-demultiplexer shown in Fig. 1 would not comprise the third 
mixer 5 and the subtractor 6. 

15 



fa 20 



25 



30 



35 
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Claims 

1 1. Method to retrieve RDS information by filtering and transforming an in- 
coming multiplex signal (m{t)) into an amplitude demodulated RDS signal 
(m r ds(t)), characterized in that an amplitude modulated RDS signal (m c (t)) is 
derived on basis of an intermediate signal (m a (t)) obtained during an extraction 

5 of a stereo-difference signal (m a (t)) from the incoming multiplex signal (m(t)). 

2. Method according to claim 1, characterized in that the intermediate 
signal (m a _ 
(t)) is obtained by multiplying the multiplex signal (m(t)) with the second har- 

10 monic of a pilot carrier (2sin(2co pi it)). 

3. Method according to claim 1 or 2, characterized in that the amplitude 
modulated RDS signal (m c (t)) is derived by subtracting a stereo-sum signal 
(m s (t)) multiplied by the second harmonic of a pilot carrier (2sin(2co pi it)) from 

15 the intermediate signal (m a (t)). 

4. Method according to claim 1 or 2, characterized in that the amplitude 
modulated RDS signal (m c (t)) is set to be the intermediate signal (m a (t)). 

20 5. Method according to anyone of claims 1 to 4, characterized by: 

- amplitude demodulation of the amplitude modulated RDS signal (m c (t)); 

and 

- decoding the amplitude demodulated RDS signal (m r d S (t)). 

25 6. Method according to claim 5, characterized in that the amplitude de- 
modulation of the amplitude modulated RDS signal (m c (t)) is performed by a 
coherent amplitude demodulation with a carrier which is recovered by a CO- 
STAS-loop from the amplitude modulated RDS signal. 

30 7. Method according to claim 5, characterized in that the amplitude de- 
modulation of the amplitude modulated RDS signal (m c (t)) into a RDS base- 
band signal (m C L(t)) is performed by a complex demodulation. 



8. Method according to claim 7, characterized in that the complex carrier 
needed for the complex demodulation is output from a digital PLL-circuit (17) 
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for pilot carrier recovery. 

9. Method according to claim 7 or 8, characterized in that the carrier of 
the RDS signal (m rds (t)) is recovered with a COSTAS-loop locking to the RDS 
baseband signal (m C L(t)). 

10. Method according to anyone of claims 1 to 9, characterized in that the 
intermediate signal (m a (t)) is obtained on basis of a sampling rate decimated 
stereo-difference signal (rrid(t)). 

11. Method according to anyone of claims 1 to 10, characterized by a samp- 
ling rate decimation to obtain carriers for the respective demodulations. 

12. Method according to anyone of claims 1 to 11, characterized by a samp- 
ling rate decimation of the RDS baseband signal (m cL (t)). 

13. RDS demodulator, characterized in that it is adapted to operate ac- 
cording to the method defined in anyone of claims 1 to 12. 
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Abstract 

Method and device to retrieve RDS information 

To retrieve RDS information by filtering and transforming an incoming multi- 
plex signal (m(t)) into a RDS baseband signal, an amplitude modulated RDS 
signal (m a (t), m c (t)) is derived on basis of an intermediate signal (m a (t)) ob- 
tained during an extraction of a stereo-difference signal (md(t)) from the in- 
coming multiplex signal (m(t)). 

(Fig. 1) 



Sony International (Europe) GmbH , _ 

1/8 




Sony International (Europe) GmbH 2/8 



o 
c 
m 
m 

M ! 
W 
W 
SI 

a 
fa 

m 
a 
a 



&■ 
s 



N 



ON 



N 



Sony International (Europe) GmbH 



3/8 



N 



o 
m 

m 
m 

W 

y 
si 

a 
h* 

w 
0 



ox 



as 



CO 




Z 



Sony International (Europe) GmbH 




Sony International (Europe) GmbH 



5/8 




Sony International (Europe) GmbH 



6/8 




Sony International (Europe) GmbH 



7/8 




Sony International (Europe) GmbH 



8/8 




SEP-19-00 TUE 09:01 PM 



FAX NO. 



P. 03 



D ECLARATION FOR PATENT APPLICATION (JOINT OR SOLE) 
(Under 37 CFR S 1.63; with Power of Attorney) 

FROMMER LAWRENCE & HAUG LLP F I.H File No. ^50117-02753 

As a below named inventor r I hereby deeLgre that: 

My residence, post office address and citizenship are as seated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first 
end joint inventor (if plural names are listed bolow) cf the subject matter which is claimed and for which a patent is 
sought on the invention ENTITLED: 



ME THOD AND DEVICE TO RFTRIF VC BPS IMPnPMATiHM 



the specif i cat ion of which 

. x is attached hereto. 
was filed on 

with amenchent(s) through 



as Application Serial No. 



Cf f opplf cable, give dates). 



? hereby state that I have reviewed and understand the contents of the above- identified specification, including 
the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to mo 
to be material to patentability as defined in Title 37, Code of Federal Regulations, Sec. 1.56, 



for potent 
i nventor 



I hereby claim foreign priority benefits under Title 35, United States Code, § 119 of any foreign application(s) 
nt or inventor's certificate listed bolow and have also identified below any foreign application for patent or 
's certificate having a filing date before that of the application on which priority is claimed: 



Pr ior Foreign Application s) 
Number^ 
99 120 799.4 



[list additional applications on separate page]: 
Country \ Filed (Dav/Month/Year)i 

Europe 20 October 1999 



Priority Claimed: 
Yes Mo 
x 



fp ! hereby claim the benefit under Title 35, United States Code, § 120 of any United States applieation(s) listed 
%olow and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior United 




Pr1orJJ._S , Application^ [list additional applications on separate page]: 
Aa2]lUjer. Number: Filed (Day/Ko n th/Year): Status (patented, pending, abandoned ^ 

I hereby appoint WILLIAM s. FROMMER T Registration No. 25,506 f and DENNIS M. SHIP 



-=*=•= . - -{-!--•■" « mw,^>-»^ , rxwy.^i «t i «■ i ««. f unu wen ma n ■ aw m . Registration No. _5/* jr 930 

BE fheir duly appointed associate, my attorneys, with full power of substitution and revocation, to prosecute this 
^plication, to make alterations and amendments therein, to file continuation and divisional applications thereof to 
receive the Patent, and to transact all business in the Patent and Trademark Office and in the Courts in connection 
herewith, and specify that oil communications about the application are to be directed to the foUowing correspondence 
address: 



WI LLIAM S. FRO MMER 



c/o FROMMER LAWRENCE & HAUG LLP 
745 Fifth Avenue 
New York, New York 10151 



Esq, 



Direct all telephone calls to: 

(212) 588-0800 

to the attention of: 

WILLIAM S. FROMMER 



i hereby declare that all stateatents made herein of my own knowledge are true and that all statements msde on 
information and betief are believed to be true; and further that these statements were made with the knowledge that 
wil ful faUe statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code and that such willful false statements may jeopardize the veifditv 0 f +he aoDl*cat*on 
or any patent issued thereon, ? / ^ ' 



INVENTOR (S): 
signature: _ 
Full name of 
Residence: 
citizenship: 



sole or first inventor: 



V Jens WILDHAGEN 



Weinstadt, Germany 
Germany 



Signature: . 

Full name of 2nd Joint inventor (if any); 

Residence; 

Citizenship: 



Date: 



Ogte: 



Signature: - 

Full name of 3rd Joint inventor (if any): 

Residence: 

Citizenship: 

[Similarly list additional inventors on separate page] 

Post Office Address(es) of inventor(s); 

IM alL inventors have the same post office address] 



Date; 



SONY International (Europe) GmbH 
Kcmperptatz 1 
D-10765 8erlin 
GERMANY 



Note 
havi 



1L i?nKrc C L C ^? U ' lffy .-° r red ? Ce ? fftc ? •vailAble to Small Entities, each fnventor and any other individual or entity 
ing rights to the invention must also sign an appropriate separate "Verified Statement (Declaration) Claiming tor 
portinn 3 Claim by Another fori Small Entitv crnnj*» ^™ r~ n j, * — 7 ' t _ ins lor 



_ ~ • - , » . — , * ,a " UN *>t:psrp«itc -vcriTieo statement (uecLaration) CLaimina Tor 



Note: 



A cost £MPFPNGSZEIT , 20. SEP. . 3-'00 u . 

f\ post o,,,v,«7 auuit.^ must we proviaed tor each Tnventor. 



